The mechanisms of B cell selection in lymphoid tissues are poorly understood. In this issue, Victora et al. (2010) use imaging of photoactivatable green fluorescent protein to define the movements of B cells in germinal centers and provide evidence that antibody affinity maturation is driven by competition for T cell help.
Since the discovery in the 1960s that antibodies undergo affinity maturation as the immune response progresses, immunologists have been fascinated by the underlying mechanism, which is still only partially understood. Victora et al. now reveal the multi-day dynamics of B cell migration at sites of antibody affinity maturation and use this insight to further define the selection mechanism. Their efforts also mark a major technical advance for the study of cell behavior in a physiological context.
Germinal centers of lymph nodes are a site of antibody affinity maturation. They are seeded by small numbers of rapidly dividing antigen-responding B cells and form over a period of days into structures of 10,000 cells (MacLennan, 1994) . Germinal centers contain a dark zone and a light zone (named based onhistological staining); the former contains mostly B cells, whereas the latter also contains a small number of helper T cells and follicular dendritic cells. An early model posited that the dark zone is the site of B cell proliferation and somatic hypermutation of the immunoglobulin V (variable) gene, and that the light zone is where the newly mutated B cell receptors (BCRs) compete for antigen binding. B cell clones that have a strong enough BCR signal would then receive T cell help and survive. It was further proposed that germinal center B cells move cyclically between the dark and light zones to undergo repeated rounds of mutation and selection, with successful selection eventually giving rise to plasma cells and memory B cells (MacLennan, 1994) .
Prior imaging studies established that germinal center B cells migrate in a continuous manner over the processes of antigen-bearing follicular dendritic cells (Allen et al., 2007b; Hauser et al., 2007; Schwickert et al., 2007) . Small numbers of B cells have been observed moving bidirectionally between the light and dark zones, though in these cases the 30-60 min imaging windows were insufficient to determine whether there is a directional bias (Allen et al., 2007b; Hauser et al., 2007; Schwickert et al., 2007) . Imaging cell interaction dynamics further reveals that only a fraction of the germinal center T cells are in stable contact with B cells, despite most B and T cells being specific for the same antigen (Allen et al., 2007b) . These observations led to a revised model of affinity maturation in which B cells are selected not only based on receipt of a BCR signal, but also on their ability to compete for T cell help (Allen et al., 2007a ).
In the current work, Victora et al. (2010) obtain gene expression data for cells from the light and dark zones. To do this they photoactivate GFP in specific regions of the germinal centers using two-photon microscopy and then immediately isolate the cells by flow cytometry ( Figure 1A ). Although cells from the two regions are similar in their overall pattern of gene expression, consistent with previous studies (reviewed in Allen et al., 2007a) , dark zone cells exhibit higher expression of genes related to mitosis, whereas light zone cells have higher expression of activation markers, cell-surface molecules, and apoptosis regulators. The small magnitude of these gene expression differences might reflect heterogeneity within the cell populations. Indeed, previous findings indicate that a minority of light zone cells exhibit plasma cell properties and nuclear localization of the transcription factor NF-kB (Allen et al., 2007a; Basso et al., 2004) .
Victora et al. take advantage of differences in the expression of cell-surface markers (specifically CD83, CD86, and the chemokine receptor CXCR4) to convincingly identify dark and light zone cells by flow cytometry. The authors find that both zones have cells in S phase, in agreement with other studies (Allen et al., 2007a) , whereas almost all G2/M phase cells are restricted to the dark zone. Although this is consistent with long-held views, other studies have identified occasional cells undergoing mitosis in the light zone (Allen et al., 2007a) . It is notable that the immunization strategy employed by Victora et al. to induce germinal center formation avoids use of adjuvant. Perhaps the level of innate immune stimuli accounts for these potential differences in the behavior of light zone cells.
A major achievement of the photoactivation analysis by Victora et al. is the tracking of cell population behavior over many hours. They show that dark zone cells move to the light zone at a rate that replaces much of this compartment in 6 hr; movement from the light zone to the dark zone also occurs but is less prominent. These compelling data provide quantitative insight into the net flux of cells between zones and suggest that movement from the light zone to the dark zone is possible only for a selected subset of cells.
To test the model that germinal center B cells compete for T cell help, the authors use an approach to modulate the amount of peptide bound-major histocompatibiltiy complex II (MHC II) on B cells. In previous work, Nussenzweig, Steinman, and coworkers demonstrated that DEC205 antibody-antigen conjugates efficiently target antigens to dendritic cells for presentation to T cells. Conveniently, Victora et al. find that germinal center B cells also express DEC205, and they show that the same antigen-loading ''trick'' works to increase peptide-MHC II abundance within 6 hr on wild-type germinal center B cells (Victora et al., 2010) . When immunized mice harboring a mixture of wild-type and DEC205-deficient B cells are treated with DEC205 antibody coupled to the relevant T cell antigen, there is an early accumulation of DEC205-positive B cells in the light zone (at 12 hr) followed by a remarkable enrichment in the dark zone by 36-48 hr. The authors note that the DEC205-negative majority is counterselected by focusing T cell help on a small subset of DEC205-positive cells, concluding that T cell help is limiting for clonal expansion ( Figure 1B) . Although the cell frequency data are clear, the conclusion that cells with high amounts of peptide-MHC II complexes displace cells with less will be made still stronger when effects on absolute cell number are determined. Strikingly, the cells loaded with antigen via DEC205 fail to undergo affinity maturation, suggesting that when cells are equivalent in their ability to receive T cell help, differential BCR engagement is not sufficient to mediate affinity-based selection (Victora et al., 2010) .
The new findings, combined with the large body of prior information, support a model in which light zone cells gather antigen via their BCRs as they move over the network of follicular dendritic cells, with cells that have higher affinity acquiring greater amounts of antigen per unit time. Higher antigen uptake via the BCR then leads to greater presentation of peptide-MHC II complexes (Batista and Neuberger, 1998) . T cells are thought to reorient toward cells with the highest peptide-MHC II levels (Depoil et al., 2005) , forming stable conjugates with the cells that have captured and processed the most antigen, and delivering CD40 ligand and cytokine signals essential for selection ( Figure 1B) . to differentiate into an antibody-secreting cell or return to the dark zone? In addition to providing a platform for addressing these questions, the powerful application of photoactivatable-GFP in this study should spur broader use of this technology to relate cell location with gene expression and cell fate.
